The Cyprus Study is a prospective cohort study of cardiovascular disease (CVD). Its aim is to determine the relationship of intima-media thickness (IMT) of the common carotid (IMTcc), maximum thickness of IMT in the carotid bifurcation (IMTmax), number of carotid and femoral bifurcations with plaque and total plaque thickness (TPT) (sum of the maximum plaque measurements taken from the four bifurcations scanned) with the prevalence of clinical CVD. A total of 767 individuals (46% male) over the age of 40 years were recruited from a mountain village and a town outside the capital Nicosia. In addition to clinical examination, carotid and common femoral bifurcations were scanned with ultrasound. After controlling for conventional risk factors, there was little evidence of an association of IMTcc with CVD prevalence. However, IMTmax and TPT were associated with 2.9-fold (1.22 to 7.07) and 6.87-fold (2.42 to 19.43) increased odds of CVD prevalence, respectively. In conclusion, the TPT and number of bifurcations with plaque are more strongly associated with the prevalence of CVD. These findings warrant investigation in prospective studies to document associations with incident CVD events.
Introduction
Carotid intima-media thickness (IMT) [1] [2] [3] and the presence and number of carotid plaques [4] [5] [6] [7] are surrogate markers of atherosclerosis. They have been associated with the extent and severity of coronary atherosclerosis 8, 9 and future episodes of myocardial infarction and stroke. [1] [2] [3] [4] 6, 7 Measurements of IMT vary. Some authors obtain IMT measurements in the distal common carotid artery (IMTcc) where plaques rarely occur. 2, 4, 7 Others measure IMT at several sites of the carotid bifurcation (IMTbif), including both the carotid bulb and the internal carotid artery, 1, 3, 8 obtaining the mean 1, 8 or maximum 3 thickness at these sites. These IMTbif measurements include the thickness of plaques whenever plaques were present. IMTcc and IMTbif have been associated with different risk factors and prevalence of cardiovascular disease (CVD). 5 Irrespective of IMT measurements, the presence and number of plaques, however small, are thought to be good predictors of future cardiovascular events 5 and strokes. 6 More recently, other ultrasound markers of atherosclerotic CVD have been identified: the combination of the maximum IMTcc with the maximum IMT in the internal carotid artery provides a better prediction of the risk for stroke than IMTcc on its own; 7 carotid plaque area and plaque volume have been shown to be associated with increased cardiovascular risk; [10] [11] [12] and the presence of femoral plaques is thought to be a marker of coronary artery disease. 13, 14 Subclinical CVD is an important predictor of subsequent coronary heart disease and stroke even after controlling for conventional risk factors, suggesting that better use of subclinical measurements (such as ultrasonic arterial wall measurements) could improve our ability to stratify patients into those at increased risk of CVD. 15 Studies comparing the association between different ultrasonic measurements and cardiovascular disease 5, 6 suggest that the presence of plaques whose thickness is often included in IMT measurements may be a better predictor of cardiovascular events than IMTcc, which was found to add little to the predictive power of conventional easily obtainable risk factors. 16 The aim of the present study was to determine the relationship of IMTcc, maximum carotid IMTbif (IMTmax), the presence of carotid and common femoral plaques, the number of bifurcations with plaque and the size of plaques in both carotid and common femoral bifurcations (total plaque thickness, TPT) with the prevalence of CVD in an ongoing cross-sectional population-based study.
Methods
The Cyprus Study is a prospective cohort study of cardiovascular disease in 2000 individuals aged 40 years or more. Part I consists of a pilot study of 500 individuals; part II is currently in progress and aims to extend this to 2000 individuals; and part III will provide a minimum of 5 years of follow-up. The material presented in this paper is based on the first 767 individuals recruited.
Baseline data have been collected from Pedoulas, a village in the Troodos Mountains of Cyprus (n = 271), their relatives who live in any one of the main towns (n = 250) and from a section of Nissou, a village in the Mesaoria plain 10 km south of the capital, Nicosia (n = 246). These sites were randomly selected by having a blindfolded person throw darts at a map of Cyprus. All inhabitants were identified through the population list held at the Mayor's office and all those over the age of 40 years were invited to participate. This was done by setting up an open public meeting as arranged through the district's Mayor and Local Council Committee and the local Greek Orthodox Priest. The reasons for the study and the need for the audience's participation were carefully explained, with an open question-and-answer debate at the end. The whole team involved in the study were present and the event was kept as informal as possible. As a result the overall participation rate of those invited was 95%. The Ethics Committee of the Cyprus Institute of Neurology and Genetics approved the study. All participants provided written informed consent.
A full medical history was taken and a physical examination was made with emphasis on conventional cardiovascular risk factors and cardiovascular symptoms including angina, myocardial infarction, ischemic hemispheric neurological events and intermittent claudication. All past and current medications were recorded as well as height and weight measurements and a sitting blood pressure, measured three times with the first measurement being discarded. A resting 12-lead ECG was obtained. A fasting (8-12 hours) blood sample was obtained for serum total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides and glucose estimations. Diabetes was considered present if participants were taking oral hypoglycemic agents, insulin or had a fasting blood sugar in excess of 7.0 mmol/l. The diagnosis of angina was based on the history taken and on confirmatory hospital investigations, including ECG or thallium stress test; that of myocardial infarction was based on history and on hospital documentation, including information on coronary artery intervention (angioplasty or coronary artery bypass). ECGs were reported centrally by a cardiologist (CF) and a vascular internist (TT). Myocardial ischemia was diagnosed in the presence of ST-segment depression or symmetrical T-wave inversion. ST-segment depression was considered present if it was horizontal or down-sloping and at least 0.05 mV. Inverted T-wave was considered present if it was isoelectric, negative or biphasic in leads V3-V6, aVL (if R > 0.5 mV), I and II. At least a 0.1 mV T-wave inversion was required in leads V2 and aVF (positive QRS also required). An old myocardial infarct was diagnosed in the presence of a pathological Q-wave: amplitude greater than 0.1 mV with Q/R ratio greater than 0.33 and duration greater than 0.04 s or when QS patterns were present in precordial leads.
The diagnosis of ischemic stroke, transient ischemic attack (TIA) or transient monocular blindness was based on the patient's history, hospital records, and reports from neurologists who saw the patient at the time of the event. Intermittent claudication was diagnosed from the history of recurrent pain on walking at a fixed distance in the presence of weak or absent pulses and an ankle/brachial blood pressure index less than 0.9.
All scans were performed using a Philips (ATL) HDI 5000 duplex scanner (Seattle, WA, USA). A broadband width linear array transducer 10-15 MHz was used. Technical ultrasound parameters were preset, so that the settings 2-D map (map 1), post-processing curve (linear), dynamic range (170 db), persistence (low) and frame rate (high) remained constant.
Each carotid bifurcation was examined transversely first, and then longitudinally to ensure optimal demonstration of the intima-media complex of both the near and far walls of the common carotid artery 1.5-2.0 cm proximal to the carotid bulb. All participants were examined in the supine position with the neck slightly extended. The IMT complex of the far wall of the artery was measured at its thickest part (mean of three readings). The mean of the measurements from both carotid arteries was used in the analysis (IMTcc).
An arterial bifurcation (internal carotid or common femoral bifurcation) was classified as being affected by plaque if there was a focal thickening of greater than 1.2 mm that did not uniformly involve the whole arterial wall. 5 Careful transverse and longitudinal scanning with the use of colour flow allowed better appreciation of the geometry and borders of the plaque, thereby allowing a more accurate assessment and measurement of plaque thickness. The maximum plaque thickness (IMTmax) in both longitudinal and transverse sections was measured. In the absence of plaques the IMTcc measurement was used. The mean of the measurements from both carotid arteries was used in the analysis.
Both the common femoral artery bifurcations were also examined and if plaques were present the maximum plaque thickness, as assessed on both longitudinal and transverse sections, was measured. The TPT was defined as the sum of the maximum plaque measurements made in each of the four bifurcations scanned. The whole examination was recorded on VHS videotape and images with the measurements were also stored on magneto-optical discs (230 MB rewritable).
Reproducibility
Two ultrasonographers repeated measurements in 35 participants. The inter-observer mean difference between repeat measurements of IMTcc were -0.03 mm, the within-subject standard deviation was 0.12 mm and the intra-class correlation coefficient was 0.79. For IMTmax, which included plaque thickness, the corresponding values were 0.02 cm, 0.26 cm and 0.94.
Data analysis
The distributions of IMTcc, IMTmax and TPT were divided into quartiles. The associations between these ultrasonic measurements and prevalent cardiovascular disease were investigated by calculating the odds ratio for CVD comparing each of the 2nd, 3rd and 4th quartiles with the 1st quartile (lowest values). Analyses were undertaken both without (crude model) and with adjustment for conventional risk factors.
Associations between the number of carotid and femoral bifurcations with plaque (in total and separately for the carotid and femoral arteries) and cardiovascular disease were investigated by computing crude and multivariable adjusted (for conventional risk factors) odds ratios.
The cut-off point for TPT (continuous variable with the highest adjusted odds ratios) with the highest combined sensitivity and specificity was identified from the receiver operator characteristics (ROC) curve. Its diagnostic ability for the presence of CVD in the population was determined in terms of sensitivity, specificity, positive and negative predictive values and the likelihood ratio for a positive test result.
Statistical analyses were computed using SPSS software version 10.0 (SPSS Inc.).
Results
Of the 767 individuals studied, 113 (14.7%) had clinical evidence of CVD. This was primarily because of a documented myocardial infarction with hospital admission and/or presence of infarct on ECG in 58, presence of angina and/or myocardial ischemia on ECG in 43, ischemic hemispheric neurological events in nine (five strokes, four TIAs) and lower limb ischemia in three.
IMTcc was normally distributed, but IMTmax and TPT were positively skewed. The number of bifurcations with plaque was zero in 214, one in 145, two in 174, three in 96 and four in 138 of the 767 individuals studied. The baseline characteristics of the population studied are shown in Table 1 . Odds ratios for the association of each ultrasonic measurement (quartiles of IMTcc, IMTmax and TPT) with cardiovascular disease are shown in Table 2 . IMTmax and TPT have a stronger association with the presence of clinical cardiovascular disease than IMTcc. After adjusting for age, sex, pack years, systolic blood pressure (SBP), total cholesterol, lipid-lowering therapy, and antihypertensive therapy only the 4th quartile of IMTmax and the 3rd and 4th quartile of TPT were significant; IMT was no longer significant.
Odds ratios for the association between the total number of bifurcations (carotid and femoral) with plaque, number of carotid bifurcations and number of common femoral bifurcations with cardiovascular disease are shown in Table 3 . The presence of two carotid plaques or even one femoral plaque was associated with an increased prevalence of CVD (29.1% and 15.9%, respectively) (OR 2.21 and 2.68, respectively). However, when both carotid and femoral vessels were combined the presence of plaques in three vessels was associated with a markedly increased prevalence of CVD (29%) (OR 6.48). The presence of plaque in four vessels was associated with an even higher prevalence of CVD (42.0%) (OR 9.07).
A cut-off point of total plaque thickness greater than 0.52 cm (maximum combined sensitivity (75.2%) and specificity (75.2%) determined from the ROC curve) identified 247 (32%) of the population that contained 85 (75%) of the 113 individuals with clinical cardiovascular disease ( Table 4 ). The positive predictive value was 34.4%, negative predictive value 94.6% and the likelihood ratio of a positive test result 3.03. Subgroup analysis has produced similar results for men and women. In men, the prevalence of CVD was 7.1% in the presence of TPT < 0.52 cm and 38.2% in the presence of TPT ≥ 0.52 cm (OR 8.11; 95% CI 4.27 to 15.42). In women, the prevalence of CVD was 4.5% in the presence of TPT < 0.52 cm and 25.7% in the presence of TPT ≥ 0.52 cm (OR 7.37; 95% CI 3.53 to 15.37).
Discussion
In the population-based study of 767 individuals presented in this paper, the presence of plaque at three or four bifurcations (indicating the presence of both carotid and femoral atherosclerosis) and TPT (the sum of the thickest plaque present in each of the four vessel bifurcations scanned) appear to have a stronger association with the prevalence of cardiovascular disease than IMTcc or IMTmax measurements ( Table 2 ). It has already been demonstrated by another study that the sum of the maximum plaque thickness in both carotid bifurcations has a significant correlation with the left main coronary artery atheroma, as assessed by intravascular ultrasound. 9 In our study, the presence of plaques in the common femoral artery is another factor associated with cardiovascular disease ( Table 3) . As far as we know, this is the first time that associations between cardiovascular disease prevalence and dif-ferent ultrasonic measurements that include IMTcc, IMTmax, presence of plaque at the common femoral bifurcation, number of vessels with plaque, and total plaque thickness have been compared in a single population study.
The value of IMT as a surrogate end-point in epidemiological studies on atherosclerosis and coronary artery disease is well established. Increased IMT is associated with the presence and extent of coronary artery disease, [1] [2] [3] [4] [5] [6] [7] [8] [9] 13 and progression of IMT is associated with future coronary events. 17 However, there is controversy about whether IMT measurement is a better predictor of future myocardial infarction or stroke than conventional risk factors such as age, sex, hypertension, hyperlipidemia, diabetes and smoking, which can be easily obtained. The National Cholesterol Education Program (NCEP) (Adult Treatment Panel III) third report has stated that carotid IMT could be used as an adjunct in coronary heart disease (CHD) risk assessment, thereby improving the identification of individuals at high risk than that revealed by major risk factors alone. 18 Others have indicated that "a single measurement of IMT is of the same importance as commonly used risk factors in the prediction of coronary heart disease and cardiovascular disease and does not add substantially when used as a screening tool to discriminate subjects with high or low risk of coronary heart disease and cardiovascular disease". 16 As indicated in the introduction, the methodology of ultrasonic measurements varies from measurements of IMT of the common carotid (IMTcc), 2,4,7 the thickest part of several measurements of the carotid bifurcation that by its nature includes plaque thickness, 3 the mean of six sites in the carotid bifurcation, 1,8 measurement of the number of plaques irrespective of their size 6, 7, 9 to measurement of plaque area. [10] [11] [12] We have already demonstrated in an earlier study that the presence of plaque has a stronger association with the prevalence of CVD than IMTcc. 5 This is not surprising because IMTcc and plaque size are quantitative traits with different biological determinants: cardiovascular risk factors 19, 20 and gene polymorphisms such as TNFRSF1A R92Q and PPARG P12A. 21 The results presented in this paper should be interpreted with caution because they are derived from a cross-sectional study; the predictive ability of these measures will be tested prospectively in the long-term follow-up of our study. Also, many of the patients, as indicated in Table 1 , are on antihypertensive, cholesterol-lowering therapy and antidiabetic drugs that have a potent influence on both carotid atherosclerosis and the occurrence of cardiovascular events. Thus, the effect of the classical risk factors on the development of clinical CVD may be underestimated as compared to the ultrasonic measurements. However, when we adjusted for antihypertensive and cholesterol-lowering therapy we found that IMTmax, the presence of common carotid and femoral plaques, the total number of bifurcations with plaque present and total plaque thickness were still strongly associated with the presence of clinical CVD (Tables 2 and 3) . The findings of this study suggest that the presence, number and size of plaques have a stronger association with clinical cardiovascular disease than any IMT measurements and warrant further investigation in large prospective studies to determine whether they are associated with the future development of clinical events. Substantiation of these findings and their potential association with future cardiovascular events may provide a means of better prognostic identifiers of individuals at high risk than the currently used conventional risk factors.
